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Introduction 
INTRODUCTION 
India is an agriculture based country covering an 
area of 3.38 million square kilometer . According to 1987 
livestock census, India has about 195.87 million cattle , 
76.77 million buffaloes, 44.84 million sheep, 99.41 million 
goats , 10.76 million pigs . The contribution of livestock to 
gross domestic products (GDP) is highly significant. The 
gross value of output from livestock sector alone was 
estimated as Rs.588 billion in 1992-93 , which is about 26% 
of the total agricultural output. Besides this, cattle are 
involved m transportation , irrigation and as draught power 
as well as provide raw materials like wool , skin , hides , 
horns, dung for fuel and fertilizers for various agro - based 
industries .The dairy products are an important source of 
nourishment to which buffaloes contribute more than 58% 
of milk although they form only 30%) of the total bovine 
(cattle and buffaloes) population (Acharya,1988) . In addition 
to this , buffaloes and cattle generate 32% of the energy 
requirement for the rural economy (Odend'hal , 1972). 
Despite their importance , the tropical livestock productivity 
IS quite low as visualized by Pino (1981). Though India has substantial 
cattle population but due to the lack of proper care and management , 
livestock fails to contribute to the national economy to maximum 
potential . In livestock management it is essential to take into account 
all those factors that contnbute to the poor health of our livestock 
and hinder the maximum productivity . Among these factors , parasitic 
infection is one the most important factor which cause considerable 
damage to our hvestock and even sometimes cause mortalities . Among 
vanous parasitic infections , helminth parasites are the major group which 
cause considerable economic loss. 
Among the various helminth infections , fascioliasis 
is one of the most common disease in our farm animals. 
Fascioliasis is caused by both Fasciola Iiepatica and F. 
gigantica . Both the species are cosmopolitan m 
distribution . They are transmitted by snails which are 
equally world - wide m distribution . F. hepatica is 
transmitted by Lymnaea truncatula and F. gigantica is 
transmitted by L. auricularia. The complete life-cycle of F. 
gigantica is shown in fig (1) . The migratory stages and 
young flukes cause more damage to their host as compared 
to the adult parasites . If the flukes are not removed at 
this stage then they may cause pasture contamination as 
soon as they become adult .The adult Fasciola spp. 
inhabits the bile ducts of liver of catties and sometimes 
heavy worm burden may lead to biliary obstruction . 
Fascioliasis cause enormous economic loss world -
wide and with the application of more intensive agricultural 
methods it is ever increasing . In India , F . gigantica cause 
much more damage to the cattle than any bacterial or viral 
infection . A fatal human case of F. gigantica infection due 
to obstruction of biliary ducts was reported in Hawaii 
(Chandler , 1949). Since , F. gigantica causes considerable 
damage to our livestock therefore great attention is needed 
to control this parasite . But there are many difficulties in 
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controlling this parasite effectively due to the following 
reasons 
* Extremely complicated life - cycle. 
* It IS difficult rather than impossible to study the 
physiology of the parasite in their microhabitat ( liver ) 
* The extent of infection in a herd of cattle is difficult 
to estimate . 
* The host organs are sensitive for chemotherapeutic 
compounds in a number of cases . 
Therefore efficient control of the disease depends on the 
correct and integrated application of several control 
measures Some of them are shown in fig (2). 
Among the various control measures discussed in 
figure .2 , chemotherapy is one of the most important aspect 
of any control programme. However , indiscriminate use of 
drugs has resulted in the emergence of drug - resistant 
forms among the parasites which need to be monitered . 
Further, for a rational approach to chemotherapy a better 
understanding of xenobiotic metabolism in helminths is 
needed . 
It IS an established fact that for designing of an 
effective chemotherapeutic or immunological control measure 
a clear understanding of host-parasite relationship is 
needed. In this context , Read (1972) has pointed out that 
in order to understand such relationship, two organisms 
should not be considered as separate entities but as single 
biological unit. During the successful establishment of the 
parasites m their habitat, a chain of dynamic interactions 
occur at the host-parasite interface and the parasites cause 
differential pathological effects. Therefore investigation of 
some enzyme responsible for the successful establishment of 
parasite is needed. 
Pathological symptoms produced by the parasites 
have been associated with the production of oxygen -
derived free radicals which produce several forms of tissue 
damages like inflammatory responses , ischemic injuries to 
1) 
Screening of parasites 
for drug resistance Analysis of 
epidemiological factors 
Control of infection 
Pasture-
management 
Anthelmintic 
treatment of the 
host. 
Blocking tlie life- cycle 
of the parasite by 
elimination of 
intermediate host. 
Fig.2 Strategies of parasite control 
Further, for a rational approach to chemotherapy a better 
understanding of xenobiotic metabolism in helminths is 
needed . 
It IS an established fact that for designing of an 
effective chemotherapeutic or immunological control measure 
a clear understanding of host-parasite relationship is 
needed. In this context , Read (1972) has pointed out that 
in order to understand such relationship, two organisms 
should not be considered as separate entities but as single 
biological unit. During the successful establishment of the 
parasites in their habitat, a chain of dynamic interactions 
occur at the host-parasite interface and the parasites cause 
differential pathological effects. Therefore investigation of 
some enzyme responsible for the successful establishment of 
parasite is needed. 
Pathological symptoms produced by the parasites 
have been associated with the production of oxygen -
derived free radicals which produce several forms of tissue 
damages like inflammatory responses , ischemic injuries to 
organs / tissues and injuries resulting from the intracellular 
metabolism of chemicals and drugs . Free ~ radical mediated 
injuries involves the formation of lipid peroxides within cell 
membranes and organelles . These peroxides are known to 
alter the structural integrity and biochemical function of 
membranes effects of drugs . A balance between and may 
can also function as intermediates in the transfer of 
electrons to other target molecule. Parasites possess various 
anti -oxidant defence mechanisms , which protect them 
against the toxic effects of drugs . A balance between the 
pro-oxidant and anti-oxidant systems is essential for the 
survival of the parasite within the host as various 
environmental , physiological , toxicological or pathological 
disturbances pose serious danger to the life of the parasite 
by the overproduction of reactive oxygen species . The 
antioxidant system amongst the parasites involve a number 
of drug - metabolising enzymes like superoxide dismutase 
(SOD) , catalase , glutathione peroxidase, glutathione reductase 
and glutathione S -transferase (GSH transferase ) etc. The 
phenomenon of drug resistance is an important consideration 
for developing effective and broad spectrum drugs 
Therefore , the study of various factors that lead to the 
development of drug resistance amongst the parasites 
should be the major thrust area of the scientific research . 
So the antioxidant enzymes have received considerable 
attention by the scientists for their role in drug metabolism. 
Glutathione S- transferase (GST , E.G. 2.5.1.18) , is 
one of the important drug metabolising enzyme, which has 
been associated with the detoxification of various 
endogenously and exogenously derived toxic compounds via 
both their enzymatic and binding capabilities (Mannervik , 
1985 ) GSH transferases are part of the phase - II 
detoxification process and catalyze the conjugation of 
glutathione to a variety of electrophilic substrates (Precious 
and Barrett , 1989). 
In the detoxification mechanism ., the GSH-
transferase catalyze the conjugation of the thiol group of 
)) 
reduced glutathione to a variety of electrophilic substances . 
In this reaction, the sulphur atom of glutathione provide 
electron for nucleophilic attack on or reduction of the 
second electrophilic substrate . Thus, the formed glutathione 
conjugate may be excreted as such or, hydrolyzed into 
cysteine-S-conjugate which can yield mercapturic acid after 
N-acetylation . Mercapturic acid is the classical excretory 
product of xenobiotics. The reaction is shown in fig. (3) . 
The interaction of GSH transferases with some 
anthlemintic agents contributes to detoxification and drug 
resistance (Brophy and Barrett , 1990 ; O'Leary and Tracy , 
1991 ; Brophy and Prichard , 1994 ) . GSH transferases induce 
varying degrees of protective immunity ( 20 - 72 % ) against 
schistosomiasis and fascioliasis in a number of animal 
models ( Sexton et.al , 1990 ; Brophy and Prichard , 1994 , 
Pierce and Capron , 1994 ; Bergquist , 1995 ; Ivanoff el.aJ 
,1996 ) . 
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GSH transferases have been widely studied in 
mammalian tissue and have also been detected in many 
parasitic helminths including nematodes , cestodes and 
trematodes (Brophy and Barrett , 1990 ). GSH transferases 
may not only neutralize toxins by conjugating them with 
glutathione but could also passively bind with toxic ligands 
and therefore acting as " biochemical sponges" (Brophy and 
Prichard , 1994). Cestode and digenean GSH transferases 
bind to a range of anthelmintics and the high levels of 
GSH tranferases in cestode and digenean may reduce the 
effective concentration of anthelmintics via binding 
(Brophy and Barrett , 1990 ) .The metabolism or quenching 
of anthelmintics by helminth detoxification systems may 
help to explain the relative sensitivity / resistance of these 
compounds to different parasites . The biological role of 
GSH- transferases in parasites is important for understanding 
the host - parasite relationship and any alteration in their 
functions could have therapeutic implications . Because of 
i t ' s role in protecting the cell against immune-mediated 
lo 
lipid peroxidation , the inhibition of this enzyme offers a 
good chance for immuno- and chemotherapy . Therefore , in 
the present study various aspects of the GSH transferases 
have been investigated in order to provide some basic 
information related to control measures . 
Historical 
Review and 
Statement of 
Problem 
J.'t 
HISTORICAL REVIEW AND STATEMENT OF PROBLEM 
Parasites pose a continual threat to the human 
beings and farm animals round the world. Parasitic 
infections cause great morbidity and mortalities in our 
livestock. Parasitic infections are more common in 
developing countries. Sometimes due to poor hygiene and 
negligence, the parasites impose extra burden on the 
community.The poor health and malnutrition of our 
livestock is mainly due to parasitic infections. Parasites 
generally display a combination of physiological and 
biochemical adaptations by which they evade host immune 
response to establish a delicate and harmonious host-
parasite relationship. 
In view of the clinical and economic importance 
of the parasites, their eradication has become the major 
goal of various national and international organizations. The 
main aim of various control measures is usually to reduce 
J ,i 
the parasitic infections in order to have better yield of 
animal products. Various control measures are designed so 
as they are economically feasible. Among the various 
control measures, chemotherapeutic and immunological 
methods have received considerable attention during the 
recent past. In the chemotherapeutic approach, a number of 
new compounds have been synthesized and screened for 
their efficacy against parasites. The survey of available 
literature reveals that the mode of action of most modern 
anthelmintics is only partially known and their toxicological 
aspects have not been investigated, whereas the target site 
for some others, including praziquantal and triclabendazole, 
has still not been resolved . 
Parasitic chemotherapy has attracted considerable 
attention over the last two decades, and many new drugs 
have been developed which possess greater degree of 
efficacy and safety than their predecessors. In 1909, Paul 
Ehrlich laid down the foundation of chemotherapy of 
parasites and proposed that the inhibition of enzymes that 
J , « ; 
were crucial to the parasites but not to the host, might 
form the basis of a rational approach to the chemotherapy 
against parasites. Von Brand (1973) has suggested that most 
drugs interfere with the enzyme systems by inhibiting them 
and thus interfere with the metabolic processes. Such 
studies could provide deeper insight in understanding the 
mode of action of various anthelmintics and development of 
resistance among parasites. 
Any programme for the development of drugs 
would be incomplete, if it does not take various factors 
into account that lead to the development of resistance 
against the parasites. The indiscriminate use and improper 
dosage of anthelmintics in conjunction with other factors 
has resulted in the emergence of multi drug resistant 
strains and thereby posing a serious threat to effective 
control programme. (Prichard,1994 ; Coles, 1999 ; Sangster 
and Gill, 1999) . Drug resistance has been found to be 
widespread among gastrointestinal nematodes of ruminants 
and horses (Prichard, 1994; Rothwell and Sangster, 1997 ; 
}. 
Coles, 1999 ; Moll et .aL, 2000). However , recently drugs 
like praziquantel against schistosome, and oxaminiquine and 
pyrantel used to treat hookworm infections were found to 
be ineffective in certain geographical areas which suggest 
that drug resistance may also extend to the helminths of 
clinical importance (Reynoldson et.ai., 1997 ; Sacko eiaJ . , 
1999 , Conceicao et.al., 2000 ; Liang et.aL. 2000). 
Resistance remain unnoticed untill and unless there 
IS a major failure of control measures after the continuous 
use of same group of anthelmintics over a prolonged period 
of time. Resistance to anthelmintics can occur at several 
levels of molecular and cellular organization for various 
reasons. In parasites , the failure of drugs may be due to 
a permeability barrier in the larvae or cyst , or due to 
efficient detoxifying systems . In Trypanosoma cruz'i 
several enzymatic systems may play a key role in the 
development of resistance to drugs in this parasite (Agosin 
e t a i , 1976; Yawetz and Agosin , 1979). Parasites may 
also become resistant by reducing the effective 
accumulation of the drug either by selective exclusion or 
by active extrusion (Hart and Cox , 1993). Free-radicals and 
reactive oxygen species (ROS) viz.,superoxide anion (O2'' ) , 
hydrogen peroxide (H2O2) and hydroxyradicals (OH.) are also 
produced under normal conditions but their formation is 
greatly increased in response to infections and xenobiotics / 
anthelmintics (Nathan et.al.. 1979; Singh et.ai., 1989 ; 
Docampo and Moreno , 1984 ; Callahan et.al., 1991). 
Fridovich (1986) has discussed the effects of reactive 
oxygen species in the pathogenesis of many diseases. These 
free-radicals exert deleterious effect on helminth parasites. 
However for successful establishment of parasite , a 
delicate balance should exist between cellular systems that 
generate various oxidants or potentially toxic products with 
those that maintain antioxidant defence mechanisms. For 
successful establishment, parasites either cause alterations in 
host metabolism favouring lower production of ROS or 
inactivate host generated oxidants through their antioxidant 
1.1 
enzymes or other scavengers viz., SOD, catalase . 
glutathione peroxidase , and GSH transferase etc. It has 
been reported that Acanihocheilonema vitae and 
Ancylostoma celanicum modulate the production of ROS by 
host tissue in which they reside (Batra et.al., 1989;^^Singh 
et.al., 1989 ) Pryor (1984) has reported that antioxidant 
enzymes play an important role in protecting the parasite 
against the harmful effects of free-radicals and prevent 
their accumulation GSH transferase is one of the 
antioxidant enzyme which was found to be widely 
distributed in the plants and animals in isomeric forms. 
The isozymes of GSH transferases are closely associated 
with the passive detoxification of various xenobiotics and 
endogenously derived toxic compounds or free radicals by 
using both catalytic and ligand- binding mechanisms 
(Ketterer et.al., 1988). These authors have also reported 
that a number of GSH transferases isozymes may also be 
involved in cellular metabolism including leukotriene and 
prostaglandin synthesis. Further it has been reported that 
(J 
GSH transferases occur in two forms , as soluble and 
membrane bound proteins among various groups of animals , 
from protozoa to vertebrates (reviewed by Brophy and 
Prichard ,1994). GSH transferases activity has also been 
detected from a number of helminth parasites (Smith et.al., 
1986 ; Brophy and Barrett , 1987, 1990a,\>; Howell et.al.. 
1988 ). Jaffe and Lambert (1986) have detected GST 
activity in the cytosolic and microsomal fractions of adult 
females of Dirofilaria immitis and Brugia pahangi . The 
purified cytosolic and microsomal fractions from D immitis 
were found to have different substrate specifities Howell 
et.al.(1988), reported that GSH tranferase were abundantly 
distributed in different tissues of F hepatica . They 
purified GSH transferase and studied their 
immunoprotective role in rats . Vibanco-Perez et.al.(1999) 
purified GSH transferase from the metacestode of Taenia 
solium and suggested that this enzyme has an important 
role in the survival of T . solium in its hosts . Morello 
et.al.(1982) have demonstrated the activity of GSH 
L i. 
transferases in protoscoleces of E granulosus and suggested 
that the conjugation reaction was activated on treatment 
of protoscoleces with phenobarbital and P -naphthoflavone. 
These authors further suggested that the conjugation 
reaction may be an important factor in the development of 
resistance to drugs among parasites. Brophy et.al.f 1989b) 
purified and characterized GSH transferase from the cytosol 
of Schistocephalus solidus (plerocercoid) and reported four 
isozymes [S.S I ,S.S II, S.S III, S.S IV] by chromatofocussing 
at pH 7-5. The S.S II GSH transferases may have the 
potential to detoxify toxic reactive carbonyles and thereby 
contribute in the defence against free radical induced lipid 
peroxidation. The major GSH transferase isozyme S.S II was 
inhibited by haematin-related compounds , bile acids and a 
number of anthelmintics . They also reported that major 
GST in S. solidus had conjugating activity vv'ith members of 
the trans, trans-2,4-alkadienal and trans-2-alkenaI series 
which are secondary products of lipid peroxidation. In 
Haemonchus contortus, the resistant strain was found to 
L, 
have 1 . 5 - 1 . 8 times higher activity of GSH transferases as 
compared to susceptible strain (Kawalek et.al., 1984) . 
Mammalian GSH - tranferase was reported to 
be involved in detoxification of lipid hydroperoxides and 
reactive carbonyl compounds (Alin et.al. , 1985). It has also 
been suggested that GSH transferase may be associated with 
the development of drug resistance in mammalian tumors, 
insects, and plants (Mantle e t . a l . 1987 ; Clark, 1989 j 
A prominent feature of GSH- transferase in an 
organism was found to be the existence of isozymes . 
Virtually all species studied so far were found to contain 
multiple forms of the enzyme (Mannervik , 1985). In 
mammals, the soluble cytosolic GSH- transferase was found 
to exist in four forms like alpha, mu, pi, and theta , 
whereas the membrane - bound enzyme was found to exist 
in two forms (Mannervik et .aL 1985 ; Blocki et .al. , 
1992). GSH transferase isozymes within each class show a 
high level of sequence conservation but can be 
L O 
distinguished by differences in isoelectric point , molecular 
weight , immunological properties , and specific substrate 
affinities (Tsuchida and Sato , 1992 ; Mannervik , 1985). 
Parasitic helminths also express multiple forms of GSH -
transferase . In schistosomes two major subunit families of 
GSH transferase were found having molecular weight of 26kda 
and 28kda . The 28kda protein was more abundantly found 
than 26kda (Mitchell et.al-, 1989). Two classes ( a - & P-) of 
GSH - transferase were also reported from F. hepatica . The 
a- class has low affinity for glutathione whereas the mu 
class has high affinity for glutathione and were more 
abundant (Brophy e t . aU 1990 ; Wijffels et.ai-, 1992). Fluke 
GSH transferase exist as dimer with subunit molecular 
weight of about 25,000 (Howell et.al.,1988V Similarly, four 
acidic GSH transferases were isolated from the cytosol of 
the adult Hymenolepis diminuta (Brophy and Barrett , 1989). 
These enzymes were dimeric having subunit molecular 
weight of 24kda. GSH - transferase was also isolated from 
the LI larvae of Trichinella spiralis. Two subunits of MW 
a 
28 and 28.5 kda were demonstrated by electrophoresis in this 
parasite (Garcia et.al., 1997). 
It has been reported that helminths express more 
cytoplasmic than the microsomal GSH transferases. Besides 
this, secretory / surface GSH transferase were also reported 
in helminths . The Sm28 GSH transferases of S . mansoni 
were found to be synthesized in the protonephridial cells 
and then were transported to the parasite surface (Balloul 
et.al.. 1987). The GSH transferases activity has been shown 
to increase during development of schistosomes (Nare et.al., 
1990). The activity of GSH transferases in male 
schistosomes was found to be three-fold higher than in 
females (O'Leary and Tracy, 1991 ). Among trematodes, 
digeneans were found to exibit highest levels of GSH 
transferases while tissue dwelling nematodes exhibit lowest 
level (reviewed by Brophy and Pritchard , 1994 ). Holy 
et.al.(1989) investigated the distribution of major isozymes 
of GSH transferases in different tissues of S . mansoni by 
using indirect immunoflorescence technique. This experiment 
L.y} 
revealed that GSH transferase activity is absent in the 
tegument , muscle fibres , vitelline cells , and ceacal 
epithelium .GSH transferase was preferentially found in 
those subpopulations of parenchymal cells which were 
involved in the conjugation of electrophiles with glutathione 
(Smith et.aL , 1986 ; Balloul et.al. , 1987 ; Taylor et aL , 
1988). Contrary to this , in S . mansoni the Sm26 and 
Sm28 GSH transferases were found in tegument and / or 
subtegumental tissues (Trottein et.al. , 1990 ; Taylor et.al., 
1988). GSH transferase in F . hepatica was found to be 
more widely distributed as compared to schistosomes and 
the activity of the enzyme in F . hepatica was found to 
be associated with the tegument , muscular tissues , 
parenchymal cells , and intestine (Wijffels e taT , 1992 ; 
Panaccio et.al. , 1992). Further it has been demonstrated by 
Creany et.aL (1995) that the activity of GSH transferase 
present in the gut lamellae of adult fluke but was found 
to be absent in the gut of juvenile. These authors have 
L o 
suggested that the enzyme may play an absorptive function 
in the adult fluke . 
The enzymatic activity of GSH transferase 
from T . solium was found to be closer to that of the 
mammalian mu class GSH transferase and was found to be 
associated with the tegument , parenchyma , protonephridial 
cells and tegumental cytons . The enzyme was found to be 
dimeric with subunit molecular weight of 26kda (Vibanco-
Perez e t a L 1999 ). In Ascaris lumbricoides, GSH 
transferase activity was found to be associated with the 
intestinal and muscular tissues and may have a role in 
digestion (Douch and Buchanan ,1978). 
GSH transferases are a family of multifunctional 
proteins (Mozer et .al . . l983 ; Stenersen et.ai. 1987 ; Clark 
et.al , 1985). In trematodes , GSH transferase play an 
important role in providing protection against challenge 
infection in experimental animals as it has been 
demonstrated that purified GSH transferase from S . 
L, i 
raansoni and S . japonicum provide significant levels of 
immunity in experimental animals (Balloul et.aL^1987 ; 
Capron et.aL.1990 ; Mitchell , 1989). The multiple 
immunizations with purified F . hepatica adult worm GSH 
transferase (FhGST) was found to induce significant level of 
immunity in sheep against challenge infection (Sexton et.aJ. , 
1990 ) whereas failed to provide protection in rats against 
challenge infection (Hillyer et.al.,1992). Antibodies raised in 
rabbit and guinea pigs against the larvae of the Australian 
sheep blowfly Lucilia cuprina and the nematode H. 
contortus , was found to inhibit the activity of the enzyme 
in vitro (Sharp et.al. , 1991). 
The GSH transferase in S . 'japonicum was found 
to be involved in preventing the formation of large crystals 
of haematin that could block the gut of the parasite (Smith 
ei.aT , 1986).GSH transferases in F . hepatica may also play 
a similar role as it is also a blood feeder. 
GSH transferases can detoxify a range of 
xenobiotics (Mannervik , 1985). Cestode and digenean GSH 
C • I 
transferases are known to bind to a range of anthelmitics 
(Brophy and Barrett , 1990) , and thereby reduce their 
effective concentration . The GSH transferase from S . 
mansoni was found to metabolize dichlorvos , which is the 
activated form of the metrifonate , an antischistosome 
agent. Another antischistosome agent , Oltipraz was found 
to inhibit the activity of the S . mansoni GST m vitro and 
in vivo (Walker et.al., 1993 ; Nare et.aJL 1991). GSH 
transferases can also act as non- covelent binding proteins 
for a range of hydrophobic compounds such as bilirubin 
and heme (Boyer , 1989 ). GSH transferase activity was to 
be inhibited by haematin - related compounds, bile acids and 
a number of anthelmintics (Ketterer et.al., 1988). 
The foregoing survey of hterarure clearly reveals the 
importance of GSH transferase in helminth parasites . The 
characterization of GSH transferase from various parasites clearly 
reveals that GSH transferase catalyze the conjugation of both 
endogenous and exogenous toxic products with glutathione and help in 
their biotransformation to less toxic \ reactive water soluble products 
c.j 
and facilitating their excretion. Mere estimation of normal enzyme 
activity is not enough to understand their molecular behaviour unless some 
kinetic parameters are also studied . Therfore , it is necessary to know the 
optimum substrate concentration ,pH optima and effect of various inhibitors 
/ drugs which influence the enzyme activity may help to understand the 
nature of the enzyme . 
Thus, in view of the importance of the enzyme , the present 
work was undertaken to study various aspects of the GSH transferase 
in F gigantica. Since, GSH transferase has been closely linked with 
the detoxification of a range of xenobiotics / anthelmintics, therefore 
the effect of bilirubin and drugs belonging to the sahcylanilide and 
substituted phenol groups were tested in order to find out their effect 
on the enzyme. These drugs act as potential uncouplers of oxidative 
phosphorylation . 
Materials 
and 
Methods 
MATERIALS AND METHODS 
A)ColIection of parasites 
F gigantica were collected from the bile-duct of 
freshly slaughtered buffaloes {Bubalus bubalis) at the local 
abattoir . The worms were brought to the laboratory 
expeditiously and they were immediately transfered in the 
Hank's medium , containing 136.89mM NaCl , 5.36 mM KCl, 
1.66 mM CaCb (dehydrated) ,0.81 mM MgS04 , 0.33 mM 
anhydrous Na 2HPO4 , 0.44 mM KH2P04and 2.61 mM 
NaHCOs maintained at 37 -+ 1 C . This medium was used 
without glucose . The worms were rinsed gently in the 
Hank's medium untill all the debris and host derived 
materials were removed .The parasites were blotted on 
Whatman filter paper and used for homogenate preparation , 
or frozen at -20 C for subsequent use. 
O i 
B)Homogenate preparation 
Homogenate of 10% (w/v) was prepared from 
time to time and was diluted according to experimental 
requirements . Freshly blotted or frozen Ig parasites were 
homogenised in Potter - Elvehjm glass tissue homogenizer in 
the ice-cold 0.2 M sodium phosphate buffer saline (pH-6.5) 
for quntitative estimation of the enzyme , while for the 
determination of KM and Vmax values for CDNB and 
glutathione (GSH), the homogenate was prepared in buffer of 
pH - 7.4 . The homogenate was then centrifuged at 5000 
rpm for twenty minutes at 0-4 C in microfuge (Hitachi , 
Japan) . The supernatant was then collected gently , without 
disturbing the pellet with the help of a pipette and stored 
in the form of aliquotes untill use . The aliquotes were 
used for enzyme analysis . 
C)GSH transferase Assay 
The activity of GSH transferase (E.C.2.5.1.18) was 
assayed spectrophotometrically at 340 nm , according to the 
O t . 
method of Habig e i .aL(1974) in the direction of conjugate 
formation in the glass cuvette . The reaction mixture was 
mixed quickly and O.D. was recorded against blank for 
every 30seconds for 10 minutes. The total reaction volume 
was 3 ml. The principle involves S-2,4 dinitrophenyl -
glutathione conjugate formation which leads to progressive 
mcrease in absorbance . All the readings were recorded on 
Spectronic-1001. All the assay experiments were carried out 
in a moderately equipped lab . 
D)Effect of substrate concentration on enzyme activity 
Since GSH transferase catalyzes the bisubstrate 
reaction so the effect of both the substrates (glutathione 
and CDNB) was monitered on the activity of the enzyme . 
The concentration of CDNB was varied keeping the 
concentration of GSH constant, to determine the KM and 
Vmax for CDNB, whereas the concentration of GSH was 
varied in order to determine the KM and Vmax for the 
GSH . The values of KM and Vmax for CDNB and GSH 
i j <J 
were determined graphically from Lmeweaver- Burk double 
reciprocal plot ( 1 9 3 4 ) . 
E) Effect of pH-
To study the effect of pH on the activity 
of GSH transferase , buffers of different pH range having 
0.2 M concentration were used . The pH of buffers were 
adjusted by using Systronic digital pH meter . Buffers used 
and their pH range are as follows-
Buffer pHrange 
1) Sodium phosphate 5.8-8.0 
2) Tris-HCl 7.1-8.9 
3) Glycine-potassium 9.2-10.5 
The activity of the enzyme thus obtained was plotted 
against different pH values . 
O'i 
F) Inhibition studies 
The homogenate for inhibition studies was prepared in 
Tris-HCl buffer of pH 8.0. The homogenate was diluted in the 
same buffer for estimations. The reaction mixture contained 4 
mM of glutathione. 
In order to find out the effect of bilirubin / drugs 
on the activity of the enzyme , the whole worm extract was 
preincubated with the bilirubin / drugs for 5 minutesat 
room temperature . The reaction was started by the addition 
of 3 mM of CDNB. Different concentrations of bilirubin / 
drugs were prepared using appropriate solvent as follows-
1) Rafoxanide (Supplied by Merck , Sharp and Dohme 
Research Lab , USA) was dissolved in ethanol . The 
final concentration of ethanol was approximately 0.3% 
in each experimental replicate . Controls were also run 
simultaneously with equal volume of ethanol . 
l.> r ) 
2) Bithionol (Supplied by Merck , Sharp and Dohme 
Research Lab, USA ) was dissolved in ethanol . The final 
concentration was approximately 0.3% in each 
experimental relipcate Controls were also run 
simultaneously with equal volume of ethanol . 
3) Closantel (Supplied by Merck , Sharp and Dohme 
Research Lab, USA) was dissolved m Dimethyl formamide 
(DMF) . The final concentration of DMF was 
approximately 0.3% in each experimental replicate . 
Controls were also run simultaneously with equal volume 
of DMF . 
4) Bilirubin (Supplied by SRL , Mumbai) was dissolved in 
chloroform .The final concentration of chloroform was 
approximately 0.3% in each experimental replicate 
Controls were also run simultaneouslywith the equal 
volume of chloroform . The strcture of drugs and their 
solvents are shown in fig.(4 ) . 
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Enzyme Unit -
A unit activity is defined as the amount of 
enzyme catalyzing the formation of l).i m of CDNB-
glutathione conjugate per minute under specific assay 
conditions . Specific activity is defined as the units of 
enzyme activity per mg of protein. 
Protein Estimation-
Total protein concentration in the assay mixture 
was determined by the dye - binding method of Spector 
(1978) using Coomassie Brilliant Blue G-250 (Sigma 
Chemical Co. , USA) . The dye reagent consisted of 0 .01% 
(w/v) CBB G-250, 4.75% (v/v) absolute ethanol and 8.5% 
(v/v) of orthophosphoric acid (H3PO4) . The optical density 
(O.D.) was recorded at 595 nm by Spectronic - 1001 
spectrophotometer (Milton Roy) . The protein content was 
measured linearly in the range of 1.0-10).Lg in 2.1 ml of 
total assay volume. The bovine serum albumin (BSA) 
prepared in 0.1 N NaOH was used as s tandard . 
0 ) 
Statistical Analysis- Statistical Analysis was performed 
according to the method described in Fundamentals of 
Biostatistics by Satguru Prasad, (1992) 
Results 
RESULTS 
A) Normal Enzyme Activity 
The normal activity of GSH transferase in F . 
gigantica was estimated in the whole worm extract The 
activity of the enzyme was estimated using ImM 
reducedjglutathione (GSH) and l-chloro-2,4 -dinitrobenzene 
(CDNB) . Th^c t iv i ty of the enzyme was found to be 88 
l^moles / min / mg protein. 
B) Kinetic Studies 
In order to find out the concentration of the 
substrates for optimum enzyme activity different 
concentrations of both the substrates were used keeping the 
other constant . The experimental data shows that the 
reaction catalysed by GSH transferase is of second 
order where the rate of reaction is dependent on the 
concentration of both the substrates . The K M and Vmax 
for CDNB were calculated by varying the concentration of 
it 
CDNB and keeping the concentration of GSH constant 
( ImM). Similarly the KM and Vmax for GSH was 
calculated by varying the concentration of GSH , keeping 
CDNB constant ( ImM). The results are presented in 
table( l ,2) and fig .(5-8).The results of the kinetic parameters 
reveal that m F.gigantica , the apparent value of KM for 
CDNB was found as 0.409 mM while the Vmax was 111.11 
lamoles /min /mg protein ^ The other substrate for the 
enzyme is GSH , the KM and Vmax for which was found 
to be 0.28mM and 125 jamoles/ min / mg protein 
respectively.The double-reciprocal plots of activity versus 
CDNB and GSH concentration exhibited a hyperbolic curve 
or Michaelis-Menten kinetics in F. gigantica (fig.5-8 ) . 
C) Effect of pH 
The enzyme reactions are highly pH- dependent ,therefore the GSH 
transferase activity in F. gigantica was assayed in buffers of different 
pH range in order to determine the pH optima. The results obtained 
't 
Table-] 
Effect of different concentrations of CD_^B on the activity of GSH 
transferase (at ImM glutathione) 
S.No. 
1. 
2. 
3. 
4. 
5. 
Concentration of 
CDNB (mM) 
0.5 
1 
2 
2.5 
3 
Specific Activity of enzyme 
()Li moles / min / mg protein)± 
S.D. 
72.9±3 
93.5±3 
95.9±2 
97.6±4 
101.0±3 
•tu 
Table-2; 
Effect of reduced glutathione (GSH) on the activity of GSH transferase 
in F. gigantica (at 1 mM CDNB). 
S.No. 
1. 
2. 
3. 
4. 
5. 
concentration of 
GSH (mM) 
0.5 
1 
2 
3 
4 
Specific Activir>' of enzyme 
{\i moles / min / mg protein)± 
S.D. 
89±4 
103±4 
105±7 
109±3 
113±2 
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Table-3 
Kinetic parameters of GSH transferase in F. gigantica. 
Substrates 
CDNB 
GSH 
Vmax* 
111.11 
125 
KM (mM)* Vmax / KM 
0.409 271.66 
0.28 446.42 
Values were estimated from Lineweaver - Burk double reciprocal plots 
are presented in table (4) and fig.(9) . In sodium-phosphate buffer the 
specific activity of the enzyme was found to increase with increase in 
pH value (6.5-8.0) and the maximum enzyme activity was observed at 
pH 8.0 . There was a sharp increase in the activity of enzyme by 
changing the pH fi^om 7.5-8.0 . In Tris-HCl buffer the activity of 
enzyme exhibits a different pattern.The activity of enzyme increases 
with increase in pH from 7.5-8.0 and then decreases from 8.0-8.5 . In 
contrast to this the activity of the enzyme in glycine-potassium buffer 
decreases with increase in pH from 9.5-10.0 . Results in table(4) and 
fig.(9) clearly explain that maximum activity of GSH transferase in F. 
giganiica was found at pH 8.0 and Tris-HCl buffer (pH -8.0) was the 
most suitable buffer for the estimation of GSH transferase activity . 
D) Effect of bilirubin 
The activity of GSH transferase was found to 
be inhibited by heme-related compounds bile, and bile acids . The 
bilirubin was found to insoluble in buffers and a number of other 
solvents . However it was found to be soluble in chloroform which 
also inhibited the enzyme activity . Therefore control were also run 
"t.l 
Table 4 
Effect of pH on the activity of GSH transferase in F. gi<(anitic(i 
S.No. 
I. 
2. 
3. 
Buffer 
Sodium phosphate 
buffer 
Tris-HCl buffer 
Glycine-potassium 
buffer 
pH 
6.5 
7.0 
7.5 
8.0 
7.5 
8.0 
8.5 
9.5 
10.0 
Specific Activity of 
Enzyme* 
(m moles / mm / mg 
protem)±S.D. 
0.992±0.182 
1.099±0.050 
1.253±0.063 
1.700±0.063 
1.936±0.137 
2.093±0.240 
1.617±0.180 
0.849±0.210 
0.129±0.001 
Total three replicates were assayed in each case. 
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simultaneously using the same volume of solvent in the reaction mixture 
.In the present study different concentration of bilirubin were used to 
find out its effect on the enzyme activity . The results obtained are 
shown in table (5) and fig.(lO) . 
E) Effect of drugs 
In the present study different drugs were selected 
from the salicylanilide and substituted phenol group to find 
out their effect on the activity of GSH transferase . The 
importance of this study lies in the fact that GSH 
transferase is a drug metabolising enzyme so , the effect of 
drugs on the enzyme activity could help us conclude the 
efficacy of these drugs under field conditions. 
In the present study effect of different 
concentrations of rafoxanide , closantel and bithionol were 
tested on the enzyme activity .These drugs are known for 
their flukicidal effect . The results are given in table (5) 
and fig.(11-13) which reveal that the activity of GSH 
transferase in F . giganiica was inhibited in all three drugs 
Each of these drugs show a progressively increased 
Ou 
Table-5 
Effect of inhibitor /drugs on the activity of GSH transferase in F.gigantica 
I. 
2. 
3. 
4. 
Drugs / Inhibitor 
Bilirubin 
Rafoxanide 
Bithionol 
Closantel 
Group 
haematin-
related 
compound 
Salicylanilide 
Halogenated-
phenol 
Salicylanilide 
concentration 
(^ i mol) 
10 
15 
25 
30 
15 
30 
10 
30 
40 
20 
30 
40 
50 
percent 
inhibition±S.D. 
6.85±1.60 
10.45±2.33 
17.98±5.70 
23.32±2.64 
1.14±0.75 
14.83±4.44 
11.50±3.5 
25.87±4.97 
48.42±2.53 
25.76±1.14 
32.20±4.86 
36.66±1.72 
42.66±3.15 
All the assays were performed at 4 mM GSH and 3 mM CDNB 
concentration 
iJ J 
Figure 10: 
Effect of Bilirubin on the activity of GSH 
transferase in F.qiqantica 
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Effect of Bithionol on the activity of GSH 
transferase in F.giqantica 
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Effect of rafoxanide on the activity of GSH 
transferase in F.qiqantica 
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Effect of Closantel on the activity of GSH 
transferase in F.qigantica 
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At 30 mM concentration , closantel was found to have 
maximum mhibition followed by bithionol and then rafoxanide 
(closantel>bithionol>rafoxamde) whereas at 40 mM bithionol was found 
to have maximum inhibition as compared to closantel . 
Discussion 
DISCUSSION 
The results of the present study indicate that F . 
gigaiitica has substantial activity of GSH transferase and 
catalyse the conjugation of GSH with CDNB.The specific 
activity of the enzyme in F, gigantica was found to be 8.8% of 
F. hepatica 
the supernatant protein whereas in GSH transferase can 
account for over 3%of the supernatant protein . Contrary to 
this , lower specific activity ofthe enzyme has been 
reported in protoscoleces of E. granulosus (Morello e_t ,ai. , 
1982) , S . cervi (Srivastava et . ai. , 1984) , H . contovtus 
(Kawalek ei .ai. , 1984) and A . suum (Douch and Buchanan , 
1978) . 
Thus the comparison of the available information 
of the specific activity of GSH transferase revealed that the 
specific activity of the enzyme was higher in trematodes 
as compared to cestodes and nematodes . The high levels of 
J . i 
GSH transferase in digeneans may be because of habitat 
variation in terms of magnitude and variety of external 
toxins encountered or the quantity or the quality of the 
immune attack experienced by them . The role of immune 
defence protein has been proposed for GSH transferase and 
the cestode and digenean GSH transferase have significant 
activity with lipid peroxidation - derived carbonyls ( Brophy 
and Barrett , 1990 ; O'Leary and Tracy , 1991 ; Brophy and 
Prichard , 1992a). The substantial amount of GSH transferase 
may protect them from the attack of free radicals as it has been 
suggested that the enzyme may help in cellular defence against 
oxygen derived free radicals in S. cervi. Further it has been 
suggested that the GSH transferase in parasitic helminths an in7". 
cruzi may help them to acquire resistance against certain classes 
of compounds (Douch and Buchanan , 1978 ; Morello et al , 1982 
, Kawalek et. ai.,1984 ; Yawetz and Agosin , 1981 ). 
The fig. (5-8) show the bisubstrate kinetics of 
GSH transferase in F . gigantica analysed with both GSH 
<J I i 
and CDNB Apparently the overall activity of this 
enzyme can be described by the Michaelis - Menten kinetic 
approach , inspite i t 's complex nature . These results are 
consistent with those reported from the protoscoleces of E 
. granulosus (Morello et, a l , 1982 ) . The KM value for 
reduced glutathione and CDNB were found to be 0.28 mM 
and 0.409 mM respectively in the F. gigantica . The KM 
value for CDNB was different from those reported 
in the protoscoleces of E . granulosus ( Morello et. aJL , 
1982) and in the rat liver enzymes AA and B (Habig et. 
ai. , 1974 ; Habig et. ai. , 1976 ) . However the KM value for 
GSH in F. gigantica was found close to that of E 
granulosus protoscoleces . The KM value of GSH and 
CDNB in t he protoscoleces of E.granulosus were found as 
0.25 mM and 1.1 mM respectively ( Morello et. ai- , 1982) 
In the present study the KM and Vmax were found to be higher 
for CDNB than glutathione . A similar pattern was also 
observed in the protoscoleces of E . granulosus and rat 
liver where the KM and Vmax of GSH transferase was 
u 
higher for CDNB than GSH (Morello et- aL , 1982 ; Habig el. 
aJ. , 1974 ) . Thus this respect the results of the present 
study are similar to that of protoscoleces of E.granulosus 
and rat liver enzyme . 
The apparent KM of H . diminuta cytosolic GSH 
transferasefor glutathione was found to be 55 |i M and this 
range is quoted for the majority of the GSH transferase 
that bind to glutathione - based affinity matrices (Hayes , 
1988 ) . In con t r a s t , the KM value for GSH \n F. gigantica 
was found to be higher than H . diminuta which suggest 
that GSH transferase in F . gigantica has higher affinity 
with GSH than the GSH transferase of H . diminuta . Thus 
KM values for GSH and CDNB were found to be different 
in different parasites but in all the cases the KM for 
CDNB was found to be higher than that for GSH which 
shows that the enzyme has greater affinity for electrophilic 
substrates like CDNB In F . gigantica KM for both the 
substrates was found to be low and thereby showing higher 
O o 
Vmax andVmax / KM values . This suggests that the 
enzyme is highly active in F. giganiicn . 
In the present study the effect of different buffers ha\ing 
different pH on the enzyme activity was analysed . The results (fig. 9) 
clearly reveal that the activity of the enzyme was found higher in 
Tris - HCl buffer than sodium phosphate buffer and glycine potassium 
buffer . This suggest that Tris- HCl is the most suitable buffer for the 
estimation of GSH transferase activity . Similarly Tns - HCl buffer of 
pH - 7.4 has also been used in a number of helminth parasites like S. 
cervi (Snvastava et. af , 1994) , B . pahangi and D . immitis (Jaffe and 
Lambert, 1986) to homogemse and elute purified GSH transferase. 
Liver is a habitat where bile and bile salts pla\ 
an important role in maintaining the pH of the medium 
which is alkaline.The pH optima of GSH transferase in F. 
gigantica which inhabits the bile ducts was found to be 8.0 
, which suggest that the alkaline medium of the liver is 
most suitable for the optimum enzyme activity . Similarly 
Brophy and Barrett (1990) have also reported the same pH 
optima in H . diminuta whereas Srivastava ei . al, (1994) 
Ou 
have reported a broad pH optima for cytosolic GSH 
transferase in female S . cervi . 
Most studies on GSH transferase in different 
parasites were performed in context of drug metabolism 
Natural substrates for GSH transferase of parasitic helminths 
may include the toxic secondary products of lipid 
peroxidation and chemotherapeutic agents (Brophy et.ai 
1989a,1989b ) , In the present study iii_ vitro effect of 
various anthelmintics and bilirubin were tested on this 
enzyme . It was found that the activity of enzyme was 
inhibited by all used drugs and inhibitors which may be 
due to binding of drugs to the active site of enzyme and 
thereby the conjugation of enzyme with the substrates was 
affected . Similarly it has been reported that oltipraz , an 
antischistosomal agent inhibits the activity of GSH 
transferase in S . mansoni in vitro and treatment of worms 
with this drug also lowers the level of enzyme in vitro 
(Walker et . d . , 1993 ; Nare et. aL , 1991) . Further, 
Srivastava et. al. (1994) have also reported the inhibition of 
0 t 
enzyme in female iS". cervi by many antifilarial compounds 
in vitro . Since the activity of GSH transferase was 
monitered by conjugate formation therefore , the activity 
of enzyme were found less in the presence of drugs / 
inhibitors . In this way enzyme may possibly neutralize the 
effect of drugs , as it has been reported that helminth GSH 
transferase neutralize toxic compounds like anthelmintics 
(Brophy and Barrett , 1990 ; Brophy and Prichard , 1994) 
The activity of GSH transferase in cambendazole -
resistant strains of H. contortus was nearly double to that 
of drug sensitive strain (Kawalek et . ai. , 1984) . 
The general inhibition of cytosolic GSH 
transferase in micromolar ranges may help in explaining the 
mode of action of these compounds , The binding of these 
compounds by helminth GSH transferase may contribute to 
passive detoxification mechanism and offer an opportunity to 
test substances for their efficacy in. vivo because of their 
protective role against immune - mediated lipid peroxidation 
(Callahan et. d . , 1988) . 
0. ) 
The activity of enzyme was also found to be 
inhibited by bilirubin , which suggests that GSH transferase 
has binding site for bilirubin . These binding sites act as 
"hydrophobic pockets" for noncovalent binding of a range 
of hydrophobic compounds such as bilirubin and heme 
(Boyer , 1989) . The inhibition of mammalian GSH 
transferase by bile acids and haematin has suggested a 
possible binding site on the enzyme for these groups of 
ligands and a potential role in their intracellular 
metabolism( Mannervik and Danielson , 1988) . The interaction 
F . Itepaiica GSH transferase with haematin further 
confirms that the enzyme may detoxify haematin crystals 
that could block the flukes intestine (Howell e^. aL 
1988) . The high level of GSH transferase in F . giganticn 
suggests its important physiological role in the detoxification 
mechanism , similar to that of F. hepatica . 
The foregoing dicussion clearly reveals that the 
enzyme GSH transferase in P . gigAntica involve in 
0 o 
detoxification mechanism like the other parasites . Binding of 
GSH transferase with various drugs / inhibitors may help to 
explain their mode of action . Thus it is suggested that the 
GSH transferase in F. gigantica and other parasites may be 
used as biochemical target for designing more potent and 
effective compounds . As it has been reported that the 
cestode and digenean GSH transferase possess a second 
substrate binding site which has broader specificity as 
compared to mammalian extra - hepatic GSH transferase (O' 
Leary and T r a c y , 1 9 8 8 ; Brophy et . d . ,1989a, 1989b) . This 
would offer the possibilities of selective inhibition of 
enzyme with respect to host 's extra - hepatic GSH 
transferase. However further studies are required to find out 
the immunoprotective role of this enzyme. 
Summary 
0 
SUMMARY 
The present study was carried to work out the various 
kinetic parameters of GSH transferase in F. gigantica.ThQ 
activity of the enzyme was estimated in the crude 
homogenate. The effect of various drugs belonging to 
salicylanilide and substituted phenol groups were also 
investigated. The results obtained are summarized below: 
(1) The normal activity of GSH transferase in 10% 
(w/v) homogenate of F. gigantica was found to be 
88 )_iM/min/mg protein. This considerable activity 
of the enzyme in parasite may be responsible for 
the acquired resistance of the parasite to certain 
classes of compounds. 
(2) The effect of various concentrations of GSH and 
CDNB were tested to determine the optimum 
substrate concentration. It was found that the 
enzyme show maximum activity at 3 mM CDNB 
and 4 mM GSH. The enzyme was found to follow 
Michaelis - Menten kinetics, inspite its complex 
o 
nature. It can also be concluded that the enzyme 
follows a second order rate kinetics, where the 
enzyme activity was found to be affected by both 
the reactants. 
(3) The pH optima for the enzyme was found to be 8.0 
with Tris-HCl being the most suitable buffer for the 
enzyme estimations. No spontaneous reaction was 
observed at pH 6.5 in sodium phosphate buffer 
while with increase in pH, the rate of spontaneous 
reaction also increases, being maximum at pH 8. 
(4) GSH transferase act as transporter protein by 
binding the hydrophobic compounds like heme, bile 
acids and bilirubin, thereby reducing their effective 
concentration. These compounds were found to 
inhibit the activity of the enzyme. In case of F. 
gigantica, GSH transferase activity was found to be 
inhibited by bilirubin in micromolar concentrations. 
(5) The effect of drugs like rafoxanide, closantel and 
bithionel were tested on the activity of the enzyme. 
GSH transferase activity in F. gigantica was found 
o., 
to be inhibited by these drugs in micromolai 
concentrations. The inhibition of the enzyme 
activity may also help to explain the mode of action 
of these compounds. 
Thus, it can be concluded from the present study that 
the drugs like closantel, rafoxanide and bithional are 
effective in controlling the spread of fascioliasis. However, 
further studies are required to investigate the 
immunoprotective role of this enzyme. 
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